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ATF  : activating transcription factor 
BSA  : bovine serum albumin  
CEBPB  : CCAAT enhancer-binding protein 
COX  : cyclooxygenase 
DDIT  : DNA damage-inducible transcript 
DAP  : diaminopimelic acid 
DMSO  : dimethyl sulfoxide 
DNA  : deoxyribonucleic acid 
Dpt  : Diptericin 
ELISA  : enzyme-linked immunosorvent assay 
ERK  : extracellular signal-regulated kinase 
FADD  : Fas-associated protein with death domain 
FBS  : fetal bovine serum 
HRP  : horseradish peroxidase 
HS  : heat shock 
HUVEC  : normal human umbilical vein endothelial cell 
ICAM  : Intercellular Adhesion Molecule 
IFN  : interferon 
IκB  : inhibitor of κB 
IKK  : inhibitor of κB kinase 
IL  : interleukin 
IMD  : immuno deficiency 
iNOS  : inducible nitric oxide synthase 
IRAK  : interleukin-1 receptor-associated kinase  
JNK  : c-Jun N-terminal kinase 
KLF  : kruppel-like factor 
LPS  : lipopolysaccharide 
MAPK  : mitogen-activated protein kinase 
mTOR  : mammalian target of rapamycin 
MyD  : myeloid differentiation factor 
NF-κB  : nuclear factor κB 
NR4A2  : nuclear receptor subfamily 4, group A, member 2 
PAMPs  : pathogen-associated molecular patterns 
PGN  : peptideglycan 
PGRP  : peptideglycan recognition protein 
RIP  : receptor-interacting protein 
RNA  : ribonucleic acid 
SDM  : Schneider’s Drosophila medium 
TAK1  : transforming growth factor-b activated kinase 1 
TIR  : Toll/interleukin-1 receptor 
TLR  : Toll-like receptor 
TNF  : tumor necrosis factor 
TNFR  : TNF receptor 
TRAF  : TNF receptor associated factor 
UAS  : Upstream Activation Sequence 
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?? 
 
? ???, ?????????????????????????????. 
????????????????????, ?????????, ????
?????????????????????. ???, ?????????
???????????????, ???????????????????
?????. ????????????????????,?????????
???????????. ??????, ????????????????
??????????????????????????????????. 
????????????????????????, ??????????
?????????????????. 
 
? ?????, ??????????????????????.1) ?????, 
??????????????????????, ????????????
?????????. ??? T ??, B ?????????????????
???????????????????, ???????????????
?????????, ???????????????????. ?????
????????????????, ??-????????????????
????????, ??????????????????????????
????.2) ???, ?????, ????????????????????
???????????, ???????????????????????
?????????????.  
 
? ???????????????????, ??????????????
??. ?????, ????????????????????, ??????
?????????????????????????. 3) ?????????
???, ??????????????????. ???????????, ?
??????????????. ???????, ????????????
??????????????. ????????????????????
???????????, ??????????????, ????????
??????????. ??, ????????????, ?????????
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?????, ???????????????????????????? 
(lipopolysaccharide: LPS) ?????????  (pathogen-associated molecular 
patterns: PAMPs) ???????????, ????????????????
?????, ???????????????????????. 4) ?????
??????????????????????, ????????????
?????????, ???????, ??????????????. ???
????, TNF-α ?????????????????????, ICAM-1 ??
??????????????, ????????????????????
?????????. ???, IL-8 ???????????????????
???, ?????????????????. ?????????, COX-2, 
iNOS ???????????????. COX-2 ? iNOS ?????????
??????? NO ?????????????, ??????????, ?
????????????????. ??????????????????
??????????, ?????????????, ??????????
?????. ??, ????????, ??????????????????
??????. ?????, IL-1, IL-6, TNF-α ???????????????
?????, ?????????????????????????????
??????. 5) C ???????? (CRP), ?????????? (MBL) ?
??????????????, IL-6 ??????????????????. 
CRP, MBL ??????????, ????????????????.   
? ??????????????????????, ???????????
???????????????????????????. 6) ???????
??, ????????????????????????????????
????? II (MHC-II) ????? T ????????????????. ?
??, ?? – MHC II ??????????? T ????????, CD80 ? 
CD86 ????????????????. TLR ?????????????
???????????, ???????????????, ???????
??????.  
 
? ??????, ???????????????????????????
???????????????, ???????????????????
?????. ????????????????????????????, 
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?????????????????????. 7) ????????, ????
??????????????. ???, ????????????????
????????? (?????, ??????) ????????????
????????????. ??????????????????????
??????????????. ??????????, ?????????
????????????????????. 
? ??, ????????????, ????????????????. ??
??????????????????????, ????????????
????????????????????????????. ???, ??
?????????????????????????, ?????????
??????????. ?????, ??????????????????
????????????????, ??????????????????
?????, ?????????????, ???????????????
????.8) ????????????, ??, ??, ??????, ?????
??????????????????, ????????????, ???
??? 30% ?????.  
 
? ??????????????????????, ???????????
??????????, ??????????????????. ?????
??????????? Toll ?????????????????????
?????????????. 9) Toll ?????????? Toll ???, ??
???????????????????????, ???????????
?????????. Toll ???????, ???????? PGRP-SA ??
???????????? (GNBP) ??????????????????. 
PGRP-SA ? GNBP-1 ?, ?????????????????, Spätzle ??
???.10,11) ????? Spätzle ? Toll ???????????, Toll ???
?, dMyD88, ??? Tube ??????????.12) Tube ?? serine/threonine 
kinase ? Pelle ??????????????? Pelle ??????????, 
Toll-adaptor ???????????. ???, ?????????????, 
???????? Cactus ?????????????, Cactus ??????
??? Rel ?????? DIF ? Dorsal ???????,  Drosomycin ???
???????. 13)  
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? ???????,  Toll ????????????????????? TLR 
????? (Figure 1). 14) Toll ??? TLR ????????????, dMyD88 
?MyD88 ?, Pelle ? IRAK ?, Cactus ? IkB-α ?, Dorsal, DIF ? NF-κB ?
???????. 15-18) ????????? Toll ???????, TLR ???? 
TLR ????????????????????. TLR ??????????, 
????? 11 ????????.19) ? TLR ??????????????
?. TLR ????????? TLR ? Toll/IL-1R (TIR) ??????????
?????? MyD88 ?, ??? MyD88 ?? serine/threonine kinase ???
IRAK ????????????.20) ?????? IRAK ?????????
?, TRAF6 ???????????, MAP3 kinase ??? TAK1 ??????. 
TAK1 ? IKK ????????????, ????? IKK ???? IκB-α ?
????????? IκB-α ???????, ???????????????
???.21) ????, IkB-α ?????????? NF-κB ?????????
????, TNF-α ???????????????????????????
????. 22) 
? ??, ????????????????????????????, ??
? TNF ???????????? IMD ????? (Figure 2). 23) TNF ???
?????? TNFR1 ? TNF-α ??????? RIP, TRAF2, ??? MAP3 
kinase ???  TAK1 ????????? . 24,25) ?????  TAK1 ?  IκB 
kinase (IKK)-α/β, IKK-γ ????????????????. 26) ??????? 
IKK-β ? TLR ?????, IκB-α ??????,27) ???? NF-κB ????
???, ????????? IL-8, COX-2 ???????????. 28) ??, 
TNFR1 ???????????? TNF ????????????????
??????????. ????????? TNF-α ??????? TRADD 
?? FADD, caspase-8 ?????????, ???????????. 29) ?? 
TNF-α ? MAP kinase ?? ???????????????. MAP kinase ?
???????, ??, ??, ???????????????, 30) ERK1/2 ?
?, 31) JNK ??, 32) p38 ?? 33)?????????. ???? TNF-α ????
??????, MAP3 kinase ? MAP2 kinase ?, MAP2 kinase ? MAP kinase ?
???????????????????????????, ???????
?? MAP kinase ????????????????. 
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Figure 1. ???????? Toll ????? TLR ?? 
 
 
 
Figure 2. ???????? IMD ????? TNF ?? 
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? ??, ????????? IMD ??? PGRP-LC ???????????
?????????????. PGRP-LC ??????????? IMD ???
? dTAK1 ??????????. 34) dTAK1 ? DmIKK (dIKK-α, dIKK-β) ??
????????.35) ??, ???????? dFADD ???? caspase ??
?  DREDD ?????? .36) IMD ??????????  Rel ????? 
Relish ? DmIKK ????????????, DREDD ???? ??????
?????????. Relish ?????????????????????? 
Diptericin ??????????????????.37) ?? IMD ??? TNF 
????, IMD ? RIP ? , dFADD ?  FADD ? , DREDD ?  caspase-8 ? , 
dmIKK ? IKK ?, Relish ? NF-κB ??????????????. 38-42)  
?  
? ????????????, ?????????????????????
????. ?????, ????????????????????????, 
????????????????, ???????????????, ??
??????????????????????????. ????????
???????????????????????????, ???????
????? TLR4 ???????????, ??????????????? 
(Figure 3). 43) ??, DHMEQ ?, Rel A, Rel B, ??? c-Rel ?????????
??, NF-κB ???????????????????????????. 44) 
???, ???????????????????????, ???????
??????.  
 
 
Figure 3. ???????????????????? 
 
? ???????????????? (??) ??????????????
???????????????????????????????????
???????. ???, ???????????????????????
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?????????????, ?????????????????????
??. 45,46) ???????????????????????????????
???. ????, ???????????????, ???????????
??????????????????????????????. ??, ?
???????????????????????????????????
??????, ????????????????????????????
??????????????????????. ???, ????????
?????????????, ?????????????????????
????, ??????????????????????????????
?????????.  
 
? ?????????????, IMD ??????????????????
??????????? diptericin ????????, ??????????
?  lacZ ????????????????????????????? 
(Dpt-lacZ) ??????.47) Diptericin ??????????????????
??????? IMD ??????????????????. 48) ?????
????? diptericin ??????????, lacZ ????????, ???
????????? β-galactosidase ??????? (Figure 4). ?????, ?
???????? β-galactosidase ???????????????????. 
?????????????? β-galactosidase ??????????????
?????????. ????, ??????????????????, ??
??? β-galactosidase ?????????????????????????
?????, β-galactosidase ???????????????????????
???????????. ??????????????, ????????
????????????????????????????,47) ??????
?????????????????????? (Figure 5).  
 
? ???????????, ??????????????????????
????????????. ????, Streptomyces ?????? celastramycin 
A ?, 49) ?? Aspergillus ?????? TP-1 ??????????????
??????? (Figure 6). 50) ??????????????????????
?, ?????????????????????????. ??????? 
 8 
 
Figure 4. Dpt-lacZ ????? ex vivo ?? β-galactosidase ?? 
 
 
 
 
Figure 5. ????????????????? 
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????????????????????, ??????????????
?????, ?????????????????????????????
???.  
?   
 
Figure 6. ???????????????????????? 
 
? ??, ?????????????????????, ?????????
????????????, ??????????????.?????, ??
??????????????????????????, ????????
?????????? . ?????????????????  ??? 
Gonytrichum sp. ?????????????????????? gonytolide A 
(Figure 7) ??????. 51) ?? gonytolide A ?, ?????????????
?????????????? (?????????) ???. Gonytolide A ? 
Dpt-lacZ ????????????????, ??????????????
????????. ?????, ???? gonytolide A???????????
????? IMD ???????????????. ????????, ??
?????? gonytolide A ???????????, ???????????
???? TNF ????????????????????????????
????????????????. ????????, gonytolide A ????
??????????????????????????. 
 
Figure 7. Gonytolide A ????? 
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?? 
 
???? Gonytolide A ????????????????????
???? 
 
? ? ?????????????????????, ?????????????
?????????. ????????????, ?????????????
?????????????????. ??????????????????
????????, ???????????????????????????
????????????????. ???????????????????
??, ?????????????????????????, ????, ??
????????????????????.  
? ????????????, PGRP-SA ???. PGRP-SA ?????????
???  Lys ????????????? , Spätzle ??????? . ??? 
Spätzle ? Toll ??????? Toll ???????, ?????? Drosomycin 
????????. ??, ?????????? DAP ??????????, 
PGRP-LC ?? PGRP-LE ??????. PGRP-LC, PGRP-LE ????? IMD 
???????, ?????? Diptericin ?????????.   
? ????, gonytolide A ????????????????????, IMD ?
????????? DAP ?????????????? gonytolide A ???
??????????????, ??????????. ???, gonytolide A ?
???  IMD ????????????? , ???????????? 
β-galactosidase ???????. ???, ??????? β-galactosidase ???
??????????????, gonytolide A ???????????????
????.   
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? ???? DAP?????????????? gonytolide A ???
????? ?  
? ? ? ?  ????? 
 
? ????????????????????? IMD ???, DAP ????
????????????? Diptericin ?????. ???, diptericin ???
??????????????? lacZ ???????, gonytolide A ????
?????????????????????. DAP ???????????
????? diptericin ????????????????, gonytolide A ???
??? 10 µg/ml ?? 3 ?, 100 µg/ml ?? 5 ???????? (Figure 8a). 
??, 1 µg/ml ???????????????????. ??, gonytolide A ?
??????????????????????, DAP ??????????
? 12 ???????????????, 18 ?????????????? 
(Figure 8b) . 
? ???, gonytolide A ??? diptericin ????????????? DAP ?
?????????????????, gonytolide A ????????????
???, gonytolide A ??????????????????? (Figure 8c). ?
???, ?????? gonytolide A ???????????????????
?????????, 100 µg/ml ???????????????.
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Figure 8. Gonytolide A ? diptericin ???????????? 
a) DAP ?????????????? diptericin ??????????????.? Gonytolide 
A, DAP ???????????????? Dpt-lacZ ??? ex vivo ???, 12 ???? 
β-galactosidase ???????. ??? gonytolide A 0 µg/ml ??????. ??? gonytolide 
A ???. b) Gonytolide A ?????????. DMSO ???? gonytolide A ?? DAP ??
?????????????? Dpt-lacZ ??? ex vivo ???, 0, 4, 8, 12, 18, 24 ???? 
β-galactosidase ??????? . ???  β-galactosidase/protein . ?????????? .  c) 
Gonytolide A ?????? diptericin ??????????????. Gonytolide A ?????
?? Dpt-lacZ ??? ex vivo ???, 12 ???? β-galactosidase ???????. ??? 
β-galactosidase/protein.  
 13 
???? ??????????????????????? 
 
? DAP ????????????? gonytolide A ??????? diptericin 
????????????????????????, gonytolide A ?????
??????????????????????????????. ???, ?
?????? β-galactosidase ????? hs-GAL4/UAS-lacZ ????????
??????? gonytolide A ???????????????? (Figure 9). ?
???, hs-lacZ ??? gonytolide A ??? β-galactosidase ??????? 
diptericin ??????????????????? 100 µg/ml ??????
???????.  
? ???, gonytolide A ????????? S2 ??????????????
????, ????? 10 µg/ml ?? gonytolide A ???????????? 
(Figure 10).  
?  
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?
 
 
Figure 9. Gonytolide A ???????????????? 
Gonytolide A ?????? hs-GAL4/UAS-lacZ ????????, 37˚C, 30 ??????????
25˚C ? 18 ?????, 18 ???? β-galactosidase ???????. ??? gonytolide A 0 
µg/ml ??????. ??? gonytolide A ???. 
 
 
 
Figure 10. Gonytolide A ????????? S2 ???????????? 
S2 ??? gonytolide A ??????????, 24 ??????????????, 25?C ? 4 
??????. ??????????? 4 ???? 450 nm ?????????.  ??? 
gonytolide A 0 µg/ml ??????. ??? gonytolide A ???. 
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? ???? ??????????????? 
 
? ???, gonytolide A ? DAP ????????????? diptericin ???
????????????. ???, ??? Diptericin ????? gonytolide A 
???????????????, IMD ?????????????????
?????? diptericin, attacin ? mRNA ?????? (Fig. 11). ????, 
DAP ??????????? 12 ????? gonytolide A ???? diptericin 
????????????????, 18 ??????? gonytolide A ??? 
diptericin ????? 5 ?????. ??, attacin ?????, DAP ????
??????? 12, 18 ???????????? gonytolide A ???????
???????.  
?  
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??????????? ? ???????????????????????????
DMSO ???? gontolideA 10 µg/ml , ?? DAP ????????? 100 ng/ml ??????
?, Dpt-lacZ ??? 12, 18 ?? ex vivo ??????? diptericin, ?? attacin ? RNA ??
????. ??? copy number (1/Rp49) .
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? ???? ?? 
 
? ??????????????????????????????????
???????, ????? gonytolide A ????????????????
???. Gonytolide A ?????????????????? Dpt-lacZ ???
?? β-galactosidase ???????????. ????,  gonytolide A ??? 
β-galactosidase ???????????????????????, gonytolide 
A ? diptericin ????????????????????.  
? DAP ??????????????, gonytolide A ? 3 µg/ml ??????
???? diptericin ?????????????. ??, DAP ???????
?????? diptericin ????????????????????, ??? 
12 ???? gonytolide A ???????????????????, 18 ??
????????. ???, gonytolide A ??? diptericin ?????????
???? DAP ??????????????????????????, 
gonytolide A ?????? diptericin ?????????????. ????, 
gonytolide A ????? diptericin ???????????????????
?????????. ?????, gonytolide A ??? diptericin ??????
????? DAP ????????????????????????. 
? ???, gonytolide A ???? Diptericin ????????????????
?????????? diptericin ?? attacin ? RNA ??????. ???
? , gonytolide A ?  DAP ???????????  18 ??????? , 
diptericin ? RNA ???????. ?????, gonytolide A ??? diptericin 
???????????????????????????. Gonytolide A ?
?? diptericin ???????? DAP ???????????? 12 ???
???????????????, 18 ????????????, gonytolide A 
? diptericin ?????????????????, mRNA ????????
???????????????????????. ??, gonytolide A ? Toll 
???? IMD ???????????? attacin ????????????
??. attacin ? diptericin  ????????????? attacin ??????
??????, attacin ? diptericin ???????????????????
?????????, ??????????? gonytolide A ????????
??????????.  
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???? Gonytolide A ????????????? (HUVEC) ? 
? ? ? ? ?????????????? 
 
? ??? gonytolide A ?????????????????????????
?? IMD ??????, diptericin ???????????????????
?????. Gonytolide A ?????????????, ????????? 
IMD ???????????? TNF ???? gonytolide A ???????
????.  
? ????????????????, ??????? TNF-α ??????
??????????. ????? TNF-α ??????????? TNFR ?
???, ????????????? NF-κB ?????????. ?????
?????????????? TNF ??? IMD ????????????
???, IMD ?????????? gonytolide A ? TNF ?????????
???????. ???????, TNF-α ????????????????
??????????????????????. ???? gonytolide A ??
??????????????????, ????? gonytolide A ? TNF ?
????????????.  
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? ???? ??????? gonytolide A ?????????? 
? ? ? ? ? ???????? 
 
???? TNF-α ??????????????????? 
 
? HUVEC ?? TNF-α ?????? TNF ????????, IL-8 ????
?????????????. IL-8 ???????????????????
??????, ??????????????????????. ???, ??
???? gonytolide A ???????????????, TNF-α ????? 
IL-8 ????????.  
? Gonytolide A ? 1.5 ??????? HUVEC ? TNF-α (1 ng/ml) ????, 
16 ??????????  IL-8 ? ELISA ????? . TNF-α ????? 
HUVEC ?? IL-8 ????? 680 pg/ml ???? (Figure 12a). Gonytolide A 
? 1 µg/ml ??????????? IL-8 ???? 650 ng/ml ???????
????????????, 3 µg/ml, 10 µg/ml ???????, ???? 970 
pg/ml, 1200 pg/ml ?????. ??, gonytolide A ? HUVEC ????????
?????, 10 µg/ml ????????????? (Figure 12a). ??????, 
gonytolide A ? TNF-α ????????????????????????
?????. ???, gonytolide A ????????????????????
??????????????????????.  
? ???, gonytolide A ? IL-8 ???????????????????, 
TNF-α ?? 16 ????? gonytolide A ????? IL-8 ?????????
?? (Figure 12b).  
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Figure 12. Gonytolide A ? HUVEC ?????????? 
a) Gonytolide A ? HUVEC ??????. Gonytolide A ??????? (?), ????? (?) 
???????????. ??????? HUVEC ? 37˚C ? 12 ???????, gonytolide 
A ? 1.5 ?????, TNF-α ?????. ??? 16 ???????????, ELISA ?? 
IL-8 ????????. ??? IL-8 ???. ??? gonytolide A ???. ????? HUVEC 
? gonytolide A ???????? 24 ?????, ??????????, 4 ???? 450 nm 
?????????. ??????????? 4 ???? 450 nm ?????????. ??
? gonytolide A 0 µg/ml ???????????. ??? gonytolide A ???. * p < 0.05  
b) Gonytolide A ?????????. HUVEC ? gonytolide A ? 1.5 ?????, 0, 12, 16, 20, 
24 ????????????, IL-8 ????????. ??? IL-8 ???. ??? TNF-α ?
?????.  
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???? LPS ??? IL-1β ??????????????????? 
 
? Gonytolide A ????????????????????, ??????? 
IL-1β, LPS ????, IL-8 ?????????. IL-1β, LPS ????? IL-1R, 
TLR4 ????????, MyD88 ?????????????? NF-κB ??
???? (Figure 13). ?????????? MyD88 ???????????
??? Toll ?????, IL-1β, LPS ?????????? IL-1R/TLR ??? 
Toll ????????????. TNF ??? IL-1R/TLR ?????? NF-κB 
?????, ?????????????????, ???????????
????????????. ???, gonytolide A ? TNF-α ????? IL-1β, 
LPS ????????????????????, HUVEC ? gonytolide A ? 
1.5 ??????, IL-1β ??? LPS ????? 16 ???? IL-8 ????
? ELISA ????? (Figure 14).  
? IL-8 ????? TNF-α ????? TNF-α ??? 1 ng/ml, 10 ng/ml ?, 
gonytolide A ??????????. ?????????????????. ?
?, LPS ???? LPS ? 1 ng/ml, 10 ng/ml ?? IL-8 ???????????
??, 100 ng/ml ? 36 % ?????. ??, IL-1β ????, 0.1 ng/ml ????
??????, 1, 10 ng/ml ?????? 70, 74% ?????. 
?   
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Figure 13. TLR/IL-1R ??? TNF ?? 
TLR/IL-1 ??, TNF ??????????????????????????, TAK1 ???
?????????????? NF-κB ?????????.  
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Figure 14. ??????? IL-8 ?????? 
DMSO (gonytolide A (-)), ??? gonytolide A 10 µg/ml (gonytolide A (+)) ? HUVEC ? 1.5 ??
??????, a) ????, ???????? b) TNF-α , c) LPS , d) IL-1β ????, 16 ???
?????? IL-8 ???? ELISA ?????. ??? IL-8 ???. * p<0.05
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???? Gonytolide A ? IL-8 ????????? 
 
? ??? ELISA ???, ??????? gonytolide A ??? IL-8 ????
??????????. Gonytolide A ? TNF-α ????? IL-8 ??????
????. ?????????????????????????, TNF-α ?
??? IL-8 ? mRNA ?????? (Figure 15). ????, TNF-α ??? 4 
????, gonytolide A ??? IL-8 ?????? 2 ?????.  
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Figure 15. TNF-α ???? IL-8 ?? 
DMSO (gonytolide A (-)), ??? gonytolide A 10 µg/ml (gonytolide A (+)) ? HUVEC ? 1.5 ??
??????, TNF-α 1 ng/ml ????? 0, 1, 4 ???? IL-8 ? RNA ??????. ??? 
copy number (1/GAPDH). 
 26 
???? TNF-α ????? gonytolide A ????????????? 
 
? ??? TNF-α ????, gonytolide A ? IL-8 ?????????????
??????. TNF-α ? TNF ???????, TNF ???????????, 
??????? COX-2, ICAM1 ??????????????????. ??
?, gonytolide A ? TNF-α ???? IL6, COX-2, ICAM1??????????
????????? (Figure 16). RT-PCR ??? mRNA ?????????
????????, IL-6 ? TNF-α ??? 0, 1, 4 ???????????? 
gonytolide A ??????????????????????. ??, COX-2 ? 
TNF-α ???????????? gonytolide A ???????? 2 ????, 
??? 1 ?????? gonytolide A ???????????????, TNF-α 
?? 4 ??????????????????. ICAM1 ? TNF-α ?????
??? 1 ??????? gonytolide A ????????????????, 
?? 4 ??????? gonytolide A ???? 2 ????????.  
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Figure 16. TNF-α ???? IL-6, COX-2, ICAM1 ??????? 
HUVEC ?  12 ????? , DMSO ???  gonytolide A 10 µg/ml ? 1.5 ??????? , 
TNF-α 1 ng/ml ???? 0, 1, 4 ???? IL-6, COX-2, ?? ICAM1 ? RNA ??????. ?
?? copy number (1/GAPDH). * p<0.05
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? ???? TNF ?????? gonytolide A ??? 
  
? ??? gonytolide A ?????????????????????????
???????????????????????. TNF ???? TNF-α ?
?????  IKK ??????????? , ?????  IKK ?  IκB-α ? 
Ser32, Ser36 ??????? (Figure 17). ??????? IκB-α ??????
?????????????????????. IκB-α ? NF-κB ??????
????????????, IκB-α ??????????? NF-κB ?????
???. ????, ??????? NF-κB ????????????????
?????. ???, gonytolide A ? TNF ???????????????, 
HUVEC ????????????????, ?? NF-κB ????????
???. 
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Figure 17. TNF-α ????? IKK, IkB-α ????? 
TNF-α ????? TAK1 ??? MAP3 ???????????, IKK ??????????
?. ???????????? IKK ???? IκB-α ???????. ??????? IκB-α 
?????????????????????????????, NF-κB (p50, p65) ?????
????????????????????? 
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???? TNF ??????????????????????? 
 
? HUVEC ??, TNF-α ??? TNF ??????????, ???????
???????. ???, gonytolide A ???? TNF ??? IKK, IκB-α ??
??????????????????????????????? (Figure 
18). ???? IKK ??? TNF-α ???????????, gonytolide A ??
?????????, TNF-α ?? 5 ???? gonytolide A ????????, 
15, 30, 60 ??????????. ??? IκB-α ?????????????
?, TNF-α ??????????, gonytolide A ??????????????
???. TNF-α ??????????? IκB-α ???, IKK ??????? 
gonytolide A ???????????????????. ??, ?????? 
IκB-α ???????????? IκB-α ????????????????
???????????????.  
? ???, ????????????? MG132 ???? IκB-α ??????
??????? (Figure 19). ????, MG132 ?????, gonytolide A ???
??? IκB-α ?????????. ??, TNF-α ?????, MG132 ???? 
gonytolide A ??????? IKK ???????? IκB-α ???????. 
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?
Figure 18. IKK, IκB-α ??????? 
DMSO (-), gonytolide A 10 µg/ml (+) ? HUVEC ? 1.5 ????????, TNF-α 1 ng/ml ???
?, 0, 5, 15, 30, 60 ??? IKK, phospho-IKK (P-IKK), IκB-α (IκB), phospho-IκB-α (P-IκB), ?? 
actin ?????.  
 
 
 
Figure 19. MG132 ???? IκB-α ??????? 
MG132 10 µg/ml ? 1.5 ??????? HUVEC ? DMSO (-), gonytolide A 10 µg/ml (+) ? 1.5 
???????, TNF-α 1 ng/ml ????, 0, 15 ??? IκB-α (IκB), phospho-IκB-α (P-IκB), ?
? actin ?????.  
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???? ????? NF-κB ??????????? 
 
? Gonytolide A ??????, IKK, IκB-α ?????????, TNF ?????
????? NF-κB ???? gonytolide A ????????????????
????.  
? HUVEC ? 10 µg/ml ? gonytolide A ? 1.5 ???????, TNF-α ??? 
0, 1, 4 ???????? NF-κB p65 ???????????? (Figure 20a). 
????, NF-κB ??????????????, TNF-α ?????????
?????, ???????????, gonytolide A ????????????
????????. ????????????????????, ?????
?????? NF-κB ? TNF-α ????????????????????
??, gonytolide A ???????????????? (Figure 20b). ???, ?
???????? NF-κB ?????????, TNF-α ?? 0, 15 ?????
????? NF-κB ???? gonytolide A ????????????????
? (Figure 20c).  
?
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Figure 20. Gonytolide A ? NF-κB ?????? 
a) ? NF-κB p65 ??????????. DMSO (-), gonytolide A 10 µg/ml (+) ? HUVEC ?
????, TNF-α 1 ng/ml ? 0, 1, 4 ???????, ???? NF-κB p65 ????????
?????. ???????? NF-κB p65 ?, ??????????????. b) NF-κB ?
?????????. DMSO (-), gonytolide A 10 µg/ml (+) ? HUVEC ? 1.5 ??????? 
TNF-α 1 ng/ml ? 0, 15 ??????, ??? (Nuc.), ??????? (Cyto.) ????, 
NF-κB (p65) ?????. c) NF-κB ??????????. DMSO (-), gonytolide A 10 µg/ml 
(+) ? HUVEC ?????, TNF-α 1 ng/ml ? 0, 15 ??????, ???????, NF-κB 
?????????. ??? TNF-α ???? 15 ??? NF-κB ????? 1 ????? 
NF-κB ????.  
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???? MAP kinase ?????? 
 
? TNF-α ???? NF-κB ???????? MAP kinase ?????????
??????????????? (Figure 21). ?????????? JNK, 
phospho-JNK, c-Jun, phospho-c-Jun ???? gonytolide A ??????????
??????????. ????, gonytolide A ?????????? c-Jun ?
?????? (Figure 22). 
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?
Figure 21. TNF-α ????? JNK, p38, ERK1/2 ?????? 
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Figure 22. JNK, c-Jun ?????? 
a) JNK, c-Jun ???????. DMSO (-), gonytolide A 10 µg/ml (+) ? HUVEC ? 1.5 ????
?, TNF-α ?? 0.5, 1, 2, 4 ???? JNK, phospho-JNK (P-JNK), c-Jun (cJun), phospho-c-Jun 
(P-cJun), ?? actin ?????.  
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???? ?? 
 
? ????, gonytolide A ???????????????????. ??, ?
????, TNF-α ?????????? IL-8 ????????, gonytolide A 
? TNF ????????????. ????, gonytolide A ? HUVEC ???
? 1 µg/ml ?????????, TNF-α ??? 16 ???? IL-8 ?????
?????. ??? gonytolide A ??? IL-8 ?????? TNF-α ?????
??????????????, ??????? IL-1β, ??? LPS ????
?? IL-8 ????????. ????, TNF-α ?? gonytolide A ??? IL-8 
??????????????? , LPS ????  IL-1β ??????? , 
gonytolide A ???? IL-8 ????????. ?????, gonytolide A ? 
TNF ????????????????????, TLR ???? IL-1R ??
???????????????????. ?????????? IL-8 ??
??????????????????????????????, gonytolide 
A ???????????????? TNF-α ????? IL-8 ??????
?????, IL-1β, ??? LPS ????? IL-8 ?????????????
?????????????? . IL-8 ??  TNF-α ??  1 ????? 
gonytolide A ????????????????, 4 ????? gonytolide A 
???????? 2 ??????????, gonytolide A ? TNF ?????
? IL-8 ???????????????????????????????
????. Gonytolide A ? TNF ?????????????????????
?????????????????????, IL-6, COX-2, ICAM1 ????
????. IL-6 ? gonytolide A ????????????????, COX-2, ?
?  ICAM1 ?  ????  TNF-α ??  0, 1 ???????  4 ???? , 
gonytolide A ??????????.  
? ???, gonytolide A ? TNF ????????????????, ????
????????? gonytolide A ? TNF ????????????????
????. ????, gonytolide A ???? IKK, IkB-α ??????????
??????. ?????,  gonytolide A ???? IKK ?????????
???????, IKK ????????????????????????. 
??, TNF-α ????? IKK, ??? IκB-α ?????????????. ?
?, MAP kinase ?????????, gonytolide A ??? c-Jun ???????
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?. ??? TNF ??????????? NF-κB ????????????
?,  gonytolide A ?????? NF-κB ?????????????????
???.  
? Gonytolide A ???????????????? IKK, IkB-α, JNK, c-Jun ?
??????? , ???????  IL-8 ???????????? . ?? , 
TNF-α ????? gonytolide A ???? IL-8 ?????????, IKK ?? 
IkB-α ???????????. ???, gonytolide A ? NF-κB ??????
????????. ???????, gonytolide A ?????????????, 
TNF-α ???? TNF ?????????????????. 
? Gonytolide A ????????????????????????????
???, ???? gonytolide A ?????????????????????
???.  
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???? Gonytolide A ???????????????? 
 
? ???, gonytolide A ???? TNF ?????????????? IKK, 
IκB-α ?????????, ??, TNF-α ??????? IL-8 ???????
?????????? . ??? , IKK, ???  IκB-α ????????? 
TNF-α ????? gonytolide A ???????. ??, TNF ????????
??, IKK ? IκB-α ?????????, ??? NF-κB ?????????
????. ???, NF-κB ??????????????, gonytolide A ???
?? NF-κB ???????????????, gonytolide A ???? TNF ?
???????????????????????????. 
? Gonytolide A ????????? IL-8 ????????????????, 
??????????????????????????????? . 
Gonytolide A ?????????????????, ??? RNA ?????
?? RT-PCR ?????. ???, gonytolide A ?????????????
???????????? IL-8 ???????, gonytolide A ???????
?????. ??, ???????????????? RT-PCR ?????. 
???, TNF-α ??????????????? gonytolide A ???????. 
?  
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? ???? Gonytolide A ??????????????? 
 
? ???? Gonytolide A ????????????? 
 
? ?????????, gonytolide A ??? IL8 ????????? TNF ??
??????? NF-κB ???????????????, ????????
??????????????. ???, gonytolide A ???????????
????????, HUVEC ? gonytolide A ????????????????
??????.  
? HUVEC ? DMSO ???? 10 µg/ml ? gonytolide A ? 1.5 ??????
??????????????????????, gonytolide A ???????
? 4 ????????? 4 ?? 1 ??????????????? (Figure 
23). ????, ???????? 24 ?, ???????? 20 ?????. ?
????????????? KEGG ???????????, ??????
????. 
? Gonytolide A ??????????????, ?????????????
????????????????????, DDIT3 (DNA damage-inducible 
transcript 3), DDIT4 (DNA damage -inducible transcript 4), KLF4 (krüppel-like factor 4 
(gut)), NR4A2 (nuclear receptor subfamily 4, group A, member 2), ATF3 (activating 
transcription factor 3) ???????. ?????????????????, 
?????????????????????????????????
?.53)-57) DDIT3, DDIT4, KLF4, NR4A2, ATF3 ?????, gonytolide A ? 21.4, 9.5, 
8.7, 4.6, 4.4 ?????????. 
? DDIT3, DDIT4, KLF4, NR4A2, ATF3 ??????????????????
????, ??????????????????? gonytolide A ?????
????????????????????????????.  
? DDIT3 ?, ???? CEBPB (CCAAT enhancer-binding protein) ??????
??, ??????????????? Bcl-2 ???????, ??????
?????.58) DDIT4 ?, ????????????????????????, 
T ???????? mTOR (mammalian target of rapamycin) ?????????
?. 59) KLF4 ? ??????? p53 ??????????????. 60) ???
????? NR4A2 ?, ??????????? IFN-γ ???????, ??
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??????. 61) ATF3 ? TLR ????????????????????, 
?????????????????????. 62) 
? Gonytolide A ????????????????????????????
?, RT-PCR ??? mRNA ?????? (Figure 24). ????, gonytolide A 
????,  DDIT3, DDIT4, KLF4, NR4A2, ATF3 ????? 10, 4, 2.5, 1.5, 7 ?
???, ????????????? gonytolide A ????????????
?.?
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Figure 23.  Gonytolide A ???????????????? 
HUVEC ? DMSO ???? gontolideA 10 µg/ml ? 1.5 ?????????????????
??????????. DMSO ???? gonytolide A ?????????????????, 
???????????.  
?
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Figure 24.  ????????????? 
HUVEC ? 12 ?????, DMSO (-), gonytolide A 10 µg/ml (+) ? 1.5 ???????? DDIT3, 
DDIT4, KLF4, NR4A2, ATF3 ? RNA ??????. ??? copy number (1/GAPDH)  
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???? ????????????? gonytolide A ?????? 
 
? ???, gonytolide A ? DDIT3, DDIT4, KLF4, NR4A2, ATF3 ????????
??????????. Gonytolide A ??????????????????
?????????, siRNA ???????????????????? IL-8 
????????. HUVEC ? siRNA ????? 8 ???? gonytolide A ? 
1.5 ?????, TNF-α ???? LPS ?? 16 ???? IL-8 ???????
? (Figure 25). TNF-α ????? gonytolide A ??? IL-8 ?????????
?, gonytolide A ??? IL-8 ??????????????????????
???, gonytolide A ?????? IL-8 ?????????????????. 
??????????????????? IL-8 ???????????, ?
??????????  gonytolide A ????  IL-8 ???????? . 
Gonytolide A ??? IL-8 ?????, ???????????? 1.28 ?, 
Negative Control ??????, 1.25 ????, DDIT3, DDIT4, KLF4, NR4A2, 
ATF3 ???????????, ???? 1.80, 1.77,  1.62, 1.94, 1.49 ????, 
?????????????????? TNF-α ????? gonytolide A ??
? IL-8 ??????????????????. ??????, ??????
??? gonytolide A ??? TNF ?????? IL-8 ???????????
???????. 
? ???, LPS ????? gonytolide A ??? IL-8 ???????????
???????. ????, gonytolide A ???????????????? 
0.68 ?, Negative Control ??????, 0.75 ????, DDIT4, KLF4, NR4A2 ?
??????????????? 0.76, 0.68, 0.50 ?? IL-8 ????????
?, DDIT3 ?????????? gonytolide A ??????????. ???
??, LPS ???? IL-8 ???????, DDIT3?????????????
???.  
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Figure 25.  siRNA ??????? IL-8 ??? 
HUVEC ? siRNA ?????????? 8 ???????, DMSO (-), gonytolide A 10?µg/ml 
(+) ? 1.5 ?????, a) TNF-α?1 ng/ml ???? b) LPS 100 ng/ml ? 16 ???????? 
IL-8 ??  ELISA ?????. siRNA ???? , ????  Negative Control (Nega), DDIT3, 
DDIT4, KLF4, NR4A2, ATF3 ?????????. ??? IL-8 ???. *p<0.05 
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???? TNF-α ????? gonytolide A ???????????
?
? TNF-α ??????????????????, gonytolide A ????? 
TNF-α ????, 1, 4 ?????????????????????????
??????. ??, TNF-α ??????? gonytolide A ?????????
??????????????, TNF-α ?????? 4 ????????? 4 
??  1 ??????????????? ,  gonytolide A ??????? 
(Figure 26).  
? ??????, TNF-α ???? gonytolide A ????????????? 
IL-8, ICAM1??????? gonytolide A ??????????, RT-PCR ??
??????????. ?????, TNF-α ????????????????
????????????????, gonytolide A ? TNF-α ????????
???????????.  
? ??????????, TNF-α ?? 1 ????????????????, 
????????? IL-6, IL-8, IκB-α (NFKBIA), CCL20, CXCL1, CXCL2, CXCL5, 
????????, IL-6, NFKBIA, CCL20, CXCL2 ? gonytolide A ??????
??????, CXCL5 ???????. ??, TNF-α ?? 1 ????????
???????????? CD58, cldn18, HLA-DRB4, NEO1, PTPRM ????, 
???? gonytolide A ??????? 4.8, 1.9, 6.4, 8.0, 7.5 ????????
????????.  
? ?? 4 ?????, TNF-α ???????????? CCL20, CXCL1, CXCL2, 
CXCL5, Cx3cl, IL-15, IL-8, LTB, TNFRSF9????????. Gonytolide A ???
????????????????  CCL20, CXCL1, CXCL2, IL-15, IL-8, 
TNFRSF9 ????? 2.8, 1.3, 1.9, 1.7, 1.8, 1.2 ?????. LTB ?? cx3cl ??
?? gonytolide A ??? 0.4, 0.75 ??????. ??, ??????????
??????, TGF-β ??? SMAD6, SMAD7, SMURF1, DCN, id1, ID2, id4, nog 
???, SMAD6, SMAD7, DCN ???? gonytolide A ??????? 3.3, 4.3, 
11.8 ??????.  
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Figure 26. TNF-α ?? 1, 4 ???????????.  
????????????????, TNF-α ?? a) 1, b) 4 ????, ???? 4 ???, ??
?? 4 ?? 1 ???????????????, ???????????. 
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? ???? ?? 
 
? ????, gonytolide A ?????????????????. ??????
?, gonytolide A????????, TNF-α ????????????????
??????.  ???????, 24 ?????????, 20 ??????. 
Gonytolide A ???????????????????, gonytolide A ????
???????????, DDIT3, DDIT4, KLF4, NR4A2, ATF3????????. 
??????????, NR4A2????????, DDIT3, DDIT4, KLF4, ATF3?
???????????????????. ??? gonytolide A ??????
??????????????????????, RT-PCR ????????
???. ????, DDIT3, DDIT4, KLF4, NR4A2, ATF3 ????? gontolide A 
??????????????????. ???, ??????????? 
gonytolide A ???????????????????, ????????? 
gonytolide A ????????????. TNF-α ????? IL-8 ??????
?????????????????, gonytolide A ?????? IL-8 ???
??????????????. ???,????????????????? 
gonytolide A ??? IL-8 ???????????. ?????, ??????
?? gonytolide A ??? TNF ????????????????????. 
??, LPS ????? gonytolide A ???????????????????
???, DDIT3 ???????? gonytolide A ??? IL-8 ????????
??. ??????, gonytolide A ? DDIT3 ???? TLR ????????
????????. 
? ???, TNF-α ???, ???? 4 ??????, ???? 4 ?? 1 ??
???????????? gonytolide A ????????. Gonytolide A ? 
TNF-α ???????????????????????????, ????
???????????, ???????????????????. TNF-α 
????? gonytolide A ???? DDIT3, DDIT4, KLF4, NR4A2, ATF3 ???
??????????, ??, ?????????????????????
????????, ?? gonytolide A ????????????????. 
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?? 
 
? ? ?????????????????????????????????
??. ????????????????????????????, ???
?????????. ???, ?????????????????????
?????????????????????, ??, ??????????
???????????????, ???????????????????
?, ????????????????????????????????. 
??, ??????????????????????, ?????????
??????????????????, ????????????????
?????????????????????????????????. ?
???, ????? gonytolide A ????????????????????
???. ???, gonytolide A ????????????????????. ?
??, ????? gonytolide A ??????????????????.   
? ??????????????????????????. Gonytolide A ? 
???????? IMD ??????, DAP ???????????????, 
diptericin ??????????????. ??, gonytolide A ? diptericin ? 
mRNA ????????????????. ???, ??? IMD ?????
???? attacin ? mRNA ????????????. Gonytolide A ??? 
diptericin ???? DAP ???????????? 18 ??????????, 
diptericin ???????????? 12 ??????????. ??????, 
gonytolide A ? IMD ?????????????????????, IMD ?
???????????????????????????????????. 
? ??????????????????????????????????
??, ????????, HUVEC ?????? TNF ?????? gonytolide 
A ????????. ??, TNF ???????????? IL-8 ?????
???????, TNF-α ???? gonytolide A ? IL-8 ??????????
??. IL-8 ?????, TNF-α ?? 1 ????? gonytolide A ???????
??????, 4 ????? gonytolide A ??????? 2 ?????. ??
????, gonytolide A ? TNF-α ???? IL-8 ?????????????
????, mRNA ????????????????????????? IL-8 
 51 
???????????????. Gonytolide A ??? IL-8 ????????
?????????, LPS, ?? IL-1β ????? gonytolide A ??? IL-8 ?
???????. TNF-α, LPS, IL-1β ????? TNF ?? TLR ??, IL-1R ?
?????????. TNF ??, TLR ??, IL-1R ????????? NF-κB 
?????????????????????????, TAK1 ??????
???????????????????????. TLR ??? IL-1R ???
? MyD88 ??????????????????, TNF ??? MyD88 ??
??????, ????? gonytolide A ??? IL-8 ???????????
???????????.  
? ???, TNF ??????????????? gonytolide A ???????
?. ????, IKK, IκB-α ?????????, gonytolide A ? IKK ????
???? TNF ????????????????. ???, NF-κB ????
?? gonytolide A ???????????, NF-κB ????????????
?????????????. Gonytolide A ???? IKK ?? IκB-α ???
???????????????, NF-κB ??????????????, 
gonytolide A ? TNF ???????????????????????.  
? ????? gonytolide A ???????????????????????
?????????, ?????????????????????????
???. ????, gonytolide A ?????? DDIT3, DDIT4, KLF4, NR4A2, 
ATF3 ?????????. ???????? gonytolide A ????????
??????, siRNA ??????????????? IL-8 ???????
?. ????, ????????????????????, TNF-α ???? 
IL-8 ?????????????? , ????????  TNF-α ???? 
gonytolide A ??? IL-8 ???????????????????. ??, 
LPS ????? DDIT3 ???????? gonytolide A ??? IL-8 ????
???????????, DDIT3 ? IL-8 ?????????????. 
? ???, TNF-α ????????????? gonytolide A ????????
??, TNF-α ?????????????????????, TNF-α ?????
?????????????????????, gonytolide A ? TNF-α ???
???????????????????  
? ??, gonytolide A ???????? DDIT3, DDIT4, KLF4, ATF3 ?????
????????????????????????????. ?????, 
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???????????????????????????, ???????
????????????????????????????. ??????
??????????????????. ????, ???????????
???????????, ?????, ??????????, ???????
?????? 3 ???????.63) ???????????????? TLR2 
??????????, ????????????????????????
?????. 64) ?????, gonytolide A ?????????????????
????????????????????.  
? ????, gonytolide A ????????????????????????
????????????????????????????????, ??
????????????????. ???, ????????? gonytolide A 
?????????????????, ?????????????????
????. ?????????????????, ????????????
????, ???????????????????????????.  
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???? 
 
??????????  
? ???????????? S2 ??? SDM ??  (Schneider’s Drosophila 
medium (Invitrogen), 20% FBS (EQUITECH-BIO), 1% Antibiotics-Antimycotic 
(Invitrogen)) ?????. ???????????? HUVEC ? EGM-2 ?? 
(Lonza) (EBM-2, 2% FBS, 1 mg/ml hydrocortisone, 10 ng/ml hFGF, 5 ng/ml VEGF, 50 
mg/ml R3-IGF-1, 50ng/ml Ascorbic acid, 0.3 mM GA-1000, 10 mg/ml heparin) ??
???. S2 ??? 25˚C ?, HUVEC ? 37˚C, 5% CO2???? 3 ??????
??. 
? ?  
????????????  
? ??? 2 cm, ??? 10 cm ??????????????????????
????????????????????. ???, 25˚C, ?????? 12 
?????, ?????????????????????????? 
 
????????  
? Gonytolide A ????????????? Gonytrichum ?????????
??????????????????????????.51) ???????
??  DMSO ????, ???????? 0.5% (v/v) ????????? . 
hTNF-α, LPS, IL-1β ????? Chemicom, nacalai tesque, ??? PeproTech ?
????, ???????????????. MG132 (Calbiochem) ????? 
25 µg/ml ?????????. 
 
??????  
? 96 ??????? (Falcon) ??? (2 x 104 cells/well) ???, ??????
?????, 25˚C ? 24 ??????. 24 ???????WST-8 ??????
????? SF; Nacalai Tesque?? 10 µl ????, 25˚C ? 4 ??????. ?
?????????? 4 ???? 450 nm ???????????????
?? (Microplatereader Model 680; Bio-Rad) ?????????? ????, 4 
???????????????, ??????????????? 100%??
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?????????????????? 0% ?????????????? 
 
???????????????????????  (Dpt-lacZ ?)  
? ????????????????????????? , ?????? 
diptericin ??????????????????????????? . 
diptericin ???????????????? lacZ ???? X ??????
???????? 3 ?????, 70% ?????? ????????????
????, ???????????????????????. ??????
? , SDM ?  100 ng/ml DAP ?????????  (PGN-ECndss ultrapure; 
Invivogen) ?????????????, 25˚C ? 12 ??????? ????
??? 200 µl ? reaction buffer ?60 mM Na2HPO4 ?40 mM NaH2PO4 ?10 mM 
KCl ?1 mM MgCl2?pH 7.8? ???????? (Ultrasonic Processor XL; Misonix) 
???????? 12,000 rpm, 10 ?, 4˚C ??? (MX-300; TOMY) ?????
???? β-galactosidase ???????????? 
? 20 µl ? β-galactosidase ????????, reaction buffer ? 80 ?????
? Galacton plus (Tropix) ? 80 µl??, 1 ????????????? 0.25 N 
NaOH ? 8 ?????? Emerald II (Tropix) ? 100 µl ??, ???????
??? (Microplate Luminometer LB 96V; Berthold) ?????????????
??????, 100 ng/ml ?? 10 pg/ml ?? 0.1% BSA ??? reaction buffer 
? 10 ??????? β-galactosidase ????? 
? ???????????????Bradford ?????????? 10 µl ??
?? 5 ????? dye reagent (Bio-Rad) ? 200 µl??????? 10 ???
?????, ???????????? (Microplatereader Model 680; Bio-Rad) 
????? 595 nm ?????????? ??????? 1 mg/ml ? BSA 
(?????????) ????? 0.5?0.4?0.25?0.125?0.05 mg/ml ????
?????, ???????. 
 
hs-GAL4/UAS-lacZ ????????????????????????
??????  (hs-lacZ ?) 
? hs-GAL4/UAS-lacZ ? 3 ???????, ???????????????, 
?????? SDM ???????. ???, 37˚C, 30 ???????25˚C ? 
18 ??????. β-galactosidase ??????, ??? Dpt-lacZ ??????
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??.  
 
HUVEC ????  TNF-α ?????????????  
? 96 ??????? (Falcon) ? HUVEC (3x103 cells/well) ????37˚C, 5% 
CO2 ? 24 ??????. ???, ?????, ????????? 100 µl ?
????? 1.5 ?????????????? hTNF-α, LPS, ???? IL-1β ?
?????????????? HUVEC ???????????16 ????
??????????, ?????????????????? 
? IL-8 ???? Human IL-8 ELISA Kit (Bio Source) ???? Human IL-8 
Ready-SET-Go! (eBioscience) ???? ELISA ???????? ??????
?, hIL-8 ? 1,000 ng/ml ?? 7.8 ng/ml ?? 2 ?????????? ??? 
IL-8 ?????????????????????. 
 
??????????  
? ??????? TNF-α ????? HUVEC (1x105 cells, 60 mm dish) ? PBS 
? 2 ??????, 100 µl ? Ripa buffer (0.25 M HEPES buffer, 0.15 M NaCl, 1 
mM EDTA, 1mM EGTA, 1% Triton X-100) ????, ??????????? 
600 µl ????????????????????? (12 ?, Astrason 3000; 
Misonix) ????????? (15,000 rpm, 10 ?, 4˚C) ?, ???????. ?
??????????? Bradford ?????, Ripa buffer ?????????
??, ???????????????????????????????? 
1/3 ??  4x ?????????  (0.25 M Tris-HCl, 40% glycerol, 8% 
b-mercaptoethanol, 0.05% bromophenol blue, 8% SDS, pH6.8) ??????95˚C, 5 
?????? SDS-PAGE ????????  
? ????????? Laemmli (1970) ??????? SDS-PAGE ?????
??. ??????Mini-Protein? Electrophoresis Cell (Bio-Rad) ?????200 V 
??????????????????Mini Trans-Blot Electrophoretic Transfer 
Cell (Bio-Rad) ???? 100 V, 1 ???????  PVDF ?  (Immobilon; 
Millipore) ?????????????????? PVDF ?? 5% ?????
? (??) ??? 5% BSA ???  1x TBS (137 mM NaCl, 20 mM Tris, pH 7.4) 
?? 1.5 ??, ???????????, ??????????. ?????
???? 4˚C ???????. ???, 2% ??????-1x TBST (137 mM 
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NaCl, 20 mM Tris, 0.05% tween 20, pH 7.4) ? 3 ????, ????? 2 ???
????. ?????????, 2% ??????-1x TBST ? 3 ?, 1x TBS ? 
3 ??????, ???????? (ECL Western Blotting Detection Reagent; GE 
Healthcare, ??? West Dura Extended Duration Substrate; Pierce) ?????HRP 
?????????????? Kodak Scientific Imaging Film (Kodak) ????
??????? 
? ???? : 
? IkB-α ????? (Cell Signaling Technology) 
? phospho-IkB-α (Ser32) ????? (Cell Signaling Technology) 
? IKK-β ????? (Cell Signaling Technology) 
? phospho-IKK-α/β (Ser176/180) ????? (Cell Signaling Technology) 
? SAPK/JNK ????? (Cell Signaling Technology) 
?  phospho-SAPK/JNK (Thr183/Tyr185) ? ? ? ? ?  (Cell Signaling 
Technology) 
? c-Jun ????? (Cell Signaling Technology) 
? phospho-c-Jun (Ser63) ????? (Cell Signaling Technology) 
? actin ????? (Santa Cruz Biotechnology) 
? NF-kB p65 ????? (Santa Cruz Biotechnology) 
? ???? 
HRP ?????????? (Cell Signaling Technology) 
HRP ???????? IgG ?? (Zymed) 
HRP ???????? IgG ?? (Zymed) 
 
?????????  NF-kB ?????  
? ????, ?????? Nuclear Extract Kit (Active Motif) ???????. 
100-mm ????? (Falcon) ? HUVEC (1.0 x 106 cells) ?????. 12 ???
???10 µg/ml gonytolide A ??? EGM-2 ????????1.5 ??????
?? hTNF-α ????? 10 ng/ml  ???????, ???????TNF-α ?
??? 0, 15 ?????????? PBS? 2 ????, ?????????? 
15 ml ???? (Falcon) ?????. 600xg, 5 ?, 4˚C ???????????, 
??? 1 x Hypotoonic buffer ? 500 µl ??????, 1.5 ml ????????
???????. ??? 15 ???????, detergent ? 25 µl ??, 14000xg, 
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30 ?, 4˚C ??????, ??????????????. ??????? 
Complete Lysis buffer ? 50 µl ?????????, ??? 30 ???????. 
???, ????? 14000xg, 10 ?, 4˚C ????????, ????????
????. ????????????????????????, Bradford ??
??????. ??? NF-κB ??????? PBS ?, ??????????
???? Complete Lysis buffer ??????????????????? 
????????? NF-κB ?????TransAMTM NF-κB p65 Transcription 
Factor Assay Kit (Active Motif) ???????. Complete Binding buffer ? 30 µl 
???  ELISA ??????, ?????????? 20 µl ???????? 
1 ????????200 µl ? 1x Wash buffer ? 3 ???????1x Antibody 
Binding buffer ????? NF-κB ?? (NF-κB Antibody, 1/1000) ? 100 µl ???
60 ???????1x Wash buffer ? 3 ???????1x Antibody Binding buffer 
????? HRP ???? (HRP-conjugate Antibody, 1/1000)  ? 100? µl ??
? well ?????? 60 ??????. 1x Wash buffer ? 4 ???????
Developping Solution ? 100 µl ?? 3 ???????????. ????Stop 
solution ? 100 µl ??????????????? 450, 595 nm ??????
???? 
 
Total RNA ???  
? HUVEC????, ???????????? total RNA ?????. HUVEC 
(1x106 cells/dish ; 60mm-dish (Falcon), ???? 5x104 cells/well; 48 well plate 
(Falcon)) ? 37˚C ? 12 ????????10 µg/ml gonytolide A ??? EGM-2 
????????1.5 ??????? hTNF-α ????? 1 ng/ml ?????
??, ??????? TNF-α ???, 0, 1, 4 ??????????? PBS ? 1 
????, TRIzol (Invitrogen) ??????????. TRIzol ??????? 5 
?????, ?????? (nacalai tesque) ??????, 12,000xg, 15 ?, 4˚C 
??????? , ??????????? . ?????? , ?????? 
(Roche) 20 µg, ??????????? (nacalai tesque) 200 µl ???????
??. ??? 10 ??????, 12,000xg, 10 ?, 4˚C ??????, ??? 
75 % ????? 200 µl ?????. 7,500xg, 5 ?, ??????????, ?
??????. ??????? 20 µl ?MQ ????, total RNA ??????
?. 
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 ?????????, ??? 10 µg/ml gonytolide A ??? 100 ng/ml DAP ?
??????????? SDM ???????. 12, 18 ?????, TRIzol 800 
µl ????, total RNA ?????. ???, ?????????????? 
total RNA ? DNase ??????.  
 
cDNA ???  
? 1 µg ? total RNA ?, oligo (dT) primer (Promega) 1 µl ? MQ??? 12.5 µl 
??, 70˚C ? 10 ???????, ????. ??? 5x RT reaction buffer 
(TOYOBO) 4 µl, 25 mM dNTPs 0.8 µl, RNasin (Promega) 0.5 µl ?? MQ 1.2 µl ?
??, 42˚C ? 5 ???????, RevertraAce (TOYOBO) 1 µl ???, 42˚C ? 
50 ???????????. 99˚C ? 5 ???????, ??????, cDNA 
???????. 
 
RT-PCR 
? RT-PCR ????????, 10 ????? cDNA ???????? 10 ?
? 1 ????. ??????? dNTP ????????? 1 µΜ, 200 µM ?
???, ??????????????????????????. ????
??? PrimeSTAR HS PCR mix (TaKaRa), EmeraldAmp PCR Master mix (TaKaRa), 
????  Ex Taq (TaKaRa) ???? . ????  PCR ???  1.0% ??? 
1.5% agarose (nacalai tesque) gel ????????, EtBr ???????. ??
??????????????????. 
 
Light Cycler ???????  PCR 
? PCR ?  H2O (Roche) 9.4 µl ? 25 mM MgCl2 (Roche) 1.6 µl, 10 µM 
Primer-Forward ???? Reverse ?? 1 µl, 10xLC DNA Master (Roche) 2 µl, 10 
????? cDNA ???? 5 µl ? Light Cycler ???????????. ?
???? (2,000 rpm, 5 ?, RT) ?, Light Cycler (Roche Diagnostics) ?????
??. PCR ??????? table 1 ??????, ?????????? PCR 
????. PCR ??????? Melting Curve ????????. 
? Light Cycler ????????????????, HUVEC cDNA ? PCR ?
?? pGEM-T easy Vector (Promega) ???? pBluescript II KS (-) (Stratagene) 
?  EcoR V ??????????? . ????????? , BigDye®  
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Terminator (Applied Biosystems) , ??? ABI PRISM 310 Genetic Analyzer ??
??. ??????? Light Cycler ??????? RT-PCR ??????, 
RT-PCR ??????????.  
 
 
 
 
 
 
 
 
 
 
 
 
 60 
 
Table 1. ???????? 
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???????  
? ??????????????, Gene Chip Human Genome U133 plus 2.0 Array 
(Affymetrix) ???????. HUVEC ?????? total RNA ? RNeasy Mini 
Kit (QIAGEN) ???????, Bio Analyzer (Agilent Technology) ??????
????? . ??????????  aRNA ????? , Gene Chip 3’ IVT 
Express Kit , Gene Chip HT IVT Labeling Kit (???? Affymetrix) ????. 
100ng ? RNA ?MQ??? 3 µl ??, Poly-A RNA control 2 µl ??????
??, First-strand Master Mix (First-strand Buffer Mix 4 µl, First-strand Enzyme Mix 1 
µl) ??? 42˚C ? 2 ?????? ??? cDNA ?????.  ???? ?
?? cDNA ? Second-strand Master Mix (Nuclease-free Water 13 µl, Second-strand 
Buffer Mix 5 µl, Second-strand Enzyme Mix 2 µl) ???, 16˚C ? 1 ??, ??? 
65˚C ? 10 ?????, ??? cDNA ???????. ???, IVT Master 
Mix (IVT Biotin Label 4 µl, IVT Labeling Buffer 20 µl, IVT Enzyme Mix 6 µl) ??
?? cDNA ???, 40˚C ? 16 ???????, ?????? aRNA ???
??. ???, ???? aRNA ?, aRNA Binding Mix (RNA Binding Beads 10 µl, 
aRNA Binding Buffer Concentrate 50 µl) ?????????, U ? 96 ????
????? Magnetic stand ????????. ???? aRNA ? Bio Analyzer 
??  aRNA ???????? . 15 µg ? aRNA ?  5x Array Fragmentation 
Buffer 8 µl ???, MQ ???? 40 µl ??????????. 94˚C, 35 ???
?????? aRNA ?????, ????? aRNA 12.5 µg ? hybridization 
cocktail (Control Oligonucleotide B2 3.3 µl, 20x Hybridization controls 10 µl, 2x 
Hybridization Mix 100 µl, DMSO 20 µl, Nuclease-free water 40 µl) ???, 99˚C ? 
5 ?, 45˚C ? 5 ???? aRNA-Hybridization Mix ???. Gene Chip Human 
Genome U133 plus 2.0 Array ? pre-Hybridization Mix 130 µl ???, 45˚C ? 10 
?? pre-hybridize ???, aRNA-Hybridization Mix 130 µl ?????? 45˚C 
?  16 ??  hybridize ??? . Hybridize ??? , stain cocktail ???? , 
GeneChip Fluids station 450 ????, GeneChip Scanner (Affymetrix) ?????
??? . ???????  Affymetrix GeneChip Command Console Software
?AGCC; Affymetrix????? MAS5 ?????, ?????? Excel ???
????????. Gonytolide A ?? TNF-α ???????????????
??????????????, ???????? MultiExperimental viewer 
v4.8 (http://www.tw4.org/mev/) ???????????????. ??????
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??, KEGG (http://david.abcc.ncifcrf.gov/) ???????.  
 
RNAi 
? 96 ??????????? 48 ???????? HUVEC (3x103 cells/well) 
???, 37˚C, 5% CO2 ???? 12 ??????. ??? Opti-MEM 100 µl ?
??? , RNAi duplex (????  Ambion) 120nM, ???  Lipofectamine 
RNAiMAX (Invitrogen) ????? 10 µl, ??? 0.2 µl ?? Opti-MEM ?? 
20 µl ??? 8 ????????????????. ???, ???????
? TNF-α ???? LPS ????????, ELISA ??? RT-PCR ????
??????.  
 
?RNAi duplex  
?control  Silencer Select Negative Control #1 siRNA (Ambion) 
?ATF3   Sense  5’- CUGGGUCACUGGUGUUUGAtt -3’ 
  Antisense 5’- UCAAACACCAGUGACCCAGga -3’ 
?DDIT3  Sense  5’- GUCCUGUCUUCAGAUGAAAtt -3’ 
  Antisense 5’- UUUCAUCUGAAGACAGGACct -3’ 
?DDIT4  Sense  5’- GCAUCACUACUGACCUGUUtt -3’ 
  Antisense 5’- AACAGGUCAGUAGUGAUGCtc -3’ 
?KLF4  Sense  5’- UGACCAGGCACUACCGUAAtt -3’ 
  Antisense 5’- UUACGGUAGUGCCUGGUCAgt -3’ 
?NR4A2 Sense  5’- GGCGAACCCUGACUAUCAAtt -3’ 
  Antisense 5’- UUGAUAGUCAGGGUUCGCCtg -3’ 
 
 
????  (NF-κB) 
? ???????? NF-κB ??????????????????????
??. 4 ????????????? HUVEC (1.2x104 cells/well) ???, 37˚C, 
5% CO2 ? 24 ????????10 µg/ml gonytolide A ??? EGM-2 ????
????1.5 ??????? hTNF-α ????? 1 ng/ml ???????, ?
?????. ??? 0, 1, 4 ??????? PBS ? 2 ????, 4% ????
?????????????????. 4˚C ? 20 ???????, ??? 
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PBS ? 3 ????, 0.2% triton X-100 (Sigma) ????? 5 ??????. ?
?? PBS ? 3 ????, 5% BSA ?????????? 4˚C ? 1 ????, 
? NF-κB p65 ?? (Santa Cruz Biotechnology) ???, 4˚C ??????. ??
???????, 2% BSA ? 3 ????, Alexa 488 ???????? IgG 
(Invitrogen) ? ?????? 4˚C ????????. ?????????, 2% 
BSA ? 3 ????, DAPI (4',6-diamidino-2-phenylindole) (Sigma) ????? 1 
µg/ml ???????, 10 ?????????, ??????. PBS ? 2 ??
??, VECTASHIELD (Vector Laboratories) ?????. ??????????
???????????? (KEYENCE) ????????. 
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